We present the first estimates of the causal effects of Social Security Disability Insurance receipt on labor supply estimated using the entire population of program applicants. We exploit administrative data to match applications to disability examiners, and use natural variation in examiners' allowance rates as an instrument for the allowance decision in a labor supply equation contrasting denied vs. allowed applicants. Importantly, we find that the disincentive effect is heterogeneous, ranging from a 10 percentage point reduction in labor force participation for those with more severe impairments to a 60 percentage point reduction for entrants with relatively less severe impairments.
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Introduction
Social Security Disability Insurance (SSDI) is intended to replace lost income for individuals suffering substantial long-term losses in earnings capacity due to the onset of a disability. Specifically, it is targeted at individuals who suffer a long-lasting impairment that prevents work. Yet, the dramatic rise in the SSDI caseload over the last two decades and the attendant compositional shift toward disabilities with greater diagnostic uncertainty -along with medical advancement and mandated workplace accommodation for individuals with disabilities -have led many to question whether some SSDI beneficiaries could actually work if they wanted to do so. Recent and proposed policies have attempted to encourage work among beneficiaries. For example, the Ticket to Work Incentive and Work Incentives Improvement Act (Ticket Act) in 1999 provided vouchers (or -tickets‖) for individuals interested in obtaining vocational rehabilitation and employment services. In addition, the Ticket Act directed the Social Security Administration (SSA) to study the impact of reducing the program's very high implicit tax rate on earnings by gradually phasing out benefits as earnings rise instead of the current policy of suspending the entire benefit when earnings exceed a disregard level.
A key parameter for understanding the likely effects of policies to encourage work among SSDI beneficiaries is the disincentive effect of SSDI on the labor force participation and earnings of recipients. To obtain a causal estimate of the disincentive effect, one needs an estimate of the counterfactual earnings of SSDI beneficiaries. In this paper, we construct a causal estimate of the disincentive effect of SSDI by comparing the subsequent labor supply of otherwise similar applicants who were initially allowed or denied benefits only because their applications were randomly assigned to disability examiners with different allowance propensities at the initial point in the disability determination process. To do this, we use a unique administrative data set that has been underused by researchers and contains disability examiner identification codes for the universe of SSDI applications in a given year. Because the disability determination process allows for multiple levels of appeal, we employ an intention-totreat framework (Angrist, Imbens and Rubin, 1996) in which we use an examiner's allowance propensity in the initial determination stage as an instrumental variable for the ultimate allowance decision for a given application. The ultimate allowance decision may coincide with the initial determination or, if the initial determination was appealed, the decision rendered on appeal. We link the applications data to administrative earnings records and examine labor 2 supply outcomes 2 to 4 years from the date of the initial determination. By waiting two or more years to measure labor supply outcomes, we address the possibility that some initially denied applicants may intentionally keep their earnings low during the appeals process.
Our instrumental variable enables us to estimate a local average treatment effect (LATE) for the marginal entrant, where -treatment‖ refers to DI receipt. That is, our estimate is relevant for -compliers‖ or those whose treatment status could be changed because they were assigned to a particular examiner (Angrist and Pischke, 2009 ). We estimate that almost a quarter of applicants are on the margin of allowance. We find that labor force participation of the marginal entrant would be on average 21 percentage points greater in the absence of SSDI benefit receipt (i.e., if their application had been denied). His or her likelihood of engaging in substantial gainful activity (SGA), defined by the SSDI program as earning more than $980 per month in 2009, would be on average 13 percentage points higher, and he or she would earn $1,600 to $2,600 more per year on average in the absence of SSDI benefit receipt. We also investigate the characteristics of the marginal SSDI entrant, on the margin of an initial allowance in the present system; we find that the marginal entrant is more likely to have a mental impairment, is younger, and has pre-disability onset earnings in the lowest earnings quintile.
In a world with homogeneous treatment effects conditional on application, LATE generalizes to the average treatment effect (ATE) -the causal effect of DI receipt on the labor supply of all applicants -and the average effect of treatment on the treated (TT) -the causal effect of DI receipt on beneficiaries in particular. The unique nature of our instrument, combined with data on the universe of applicants, presents an unprecedented opportunity to test for heterogeneous treatment effects and evaluate the generalizability of previous estimates in the literature. First, we estimate local average treatment effects for subpopulations defined by observable characteristics such as impairment type, age, and prior earnings, and find evidence of a heterogeneous treatment effect. Next, we push this line of investigation further and test for variation in the treatment effect on unobservable dimensions, namely unobserved severity of impairment. As we show later, variation in our continuous instrument (examiner allowance propensities) traces out the treatment effect as the allowance threshold is set at different points in the distribution of unobserved severity.
We show that the marginal treatment effect (MTE) is increasing in magnitude in the SSDI allowance rate; that is, the disincentive effect of SSDI rises as the allowance threshold is 3 lowered and applicants with less severe impairments are allowed on the program. When the allowance threshold is particularly high, such that the allowance rate is ten points lower than in the present system, the marginal entrant has a high-severity impairment and SSDI causes a modest 10 percentage point reduction in labor force participation. As the allowance threshold is relaxed, the disincentive effect grows. When the allowance threshold is particularly low, such that the allowance rate is 10 points higher than at present, the marginal entrant has an impairment of lesser (unobserved) severity, and SSDI causes a 60 percentage point reduction in labor force participation. Our estimates point to markedly greater residual work capacity among applicants with less severe impairments, and indicate large potential labor supply effects from policies aimed at tightening or relaxing access to SSDI benefits.
Not surprisingly given its obvious importance, the labor supply disincentive effect of SSDI has received a great deal of attention in the economics literature. Bound (1989) first proposed using denied applicants as a comparison group for SSDI beneficiaries. He argued that, in observational data, the labor supply of denied applicants could be used to estimate an upper bound of the effect of SSDI because, although allowed and denied applicants are similar in many respects, on average denied applicants should suffer from less severe impairments than allowed applicants. He estimated that labor force participation of SSDI beneficiaries would be at most 34 percentage points higher in the absence of SSDI benefits. 1 von Wachter, Song and Manchester (2010) found that this upper bound has been relatively stable over time, despite changes in the composition of SSDI applicants. Gruber and Kubik (1997) took this line of approach a step further and exploited state-level variation in a tightening of access to SSDI benefits in the late 1970s to examine the reduced form relationship between denial rates and labor supply. They found that a 10% increase in the state denial rate led to a statistically significant increase in labor force participation of 2.8%.
Two recent studies also estimate an average causal effect of SSDI, but for potentially non-representative subpopulations of SSDI entrants. Chen and van der Klaauw (2008) used exogenous variation in the SSDI denial rate resulting from a little known program rule that effectively relaxes access to SSDI discontinuously at age 55. They found that labor force 1 Note that this is not the same as saying fewer than 34 percent of beneficiaries would work if the SSDI program did not exist. This is only the case if the act of applying for SSDI benefits has no impact on labor supply or earnings. Since applying for SSDI requires one to reduce one's earnings below a low threshold in order to qualify for benefits, individuals may lose skills while they wait for a decision or have a hard time obtaining a job after a significant absence from the labor market. This was pointed out by Parsons (1991) .
4 participation of older beneficiaries would be at most 20 percentage points higher in the absence of SSDI. Most recently, and concurrent with our study, French and Song (2009) use variation in the propensity of administrative law judges (ALJs) in the second stage of the appeals process to estimate the labor supply effect of SSDI receipt. They find that the labor force participation rate of applicants allowed at the ALJ hearing level would be at most 14 percentage points higher if they had instead been denied.
While the internal validity of the Chen-van der Klaauw and French-Song studies is high, owing to the use of quasi-experimental variation, their generalizability to the full population of SSDI entrants is unknown. Importantly, if the causal effect of SSDI on labor supply is not constant over the population of SSDI entrants, then these two estimates are local average treatment effects that depend critically on the population from which the sample is drawn and the margin affected by the instrumental variable. In contrast, our estimates of the average causal effects of SSDI generalize to the entire population of marginal entrants under the present day system.
Background on SSDI
The SSDI program defines disability as the -inability to engage in any substantial gainful activity (SGA) by reason of any medically determinable physical or mental impairment(s) which can be expected to result in death or which has lasted or can be expected to last for a continuous period of not less than 12 months.‖ Activity is considered -substantial‖ if it involves significant physical and/or mental exertion, and it is considered -gainful‖ if it is performed for pay or profit (whether or not profit is actually realized). SSA operationalizes this definition by setting an earnings threshold -currently $1,000 per month -over which individuals are said to be engaging in SGA and are therefore disqualified from participating in the program. The SGA threshold impacts both program entry (through eligibility) and the labor supply of current beneficiaries (whose benefits are suspended if they earn more than the SGA threshold).
Individuals apply for SSDI benefits at their local field office, which screens out those who are not currently insured or are engaging in SGA. These are included in what is labeled -technical denials,‖ and do not receive a medical review. The remaining applications are forwarded to a state Disability Determination Services (DDS) office, where cases are assigned to 5 disability examiners for review. We discuss assignment of applications to examiners in greater detail in the Section 3.1 and in the appendix.
Disability examiners follow a five-step review process in order to determine whether applicants are unable to perform SGA given the severity of their impairment and/or vocational background (age, education and work experience). Two types of allowances are made: medical allowances (at step 3, for individuals with specific impairments deemed severe enough to warrant allowance into the program regardless of vocational background) and vocational allowances (at step 5, for individuals with impairments severe enough to prevent them from performing any SGA in the national economy given their vocational background). Vocational allowances are made in consultation with a medical-vocational grid which provides guidance for allowance decisions based on residual functional capacity, age group, education and type of work experience (i.e., skilled, unskilled). Practically, the grid generates a large increase in the allowance rate at age 55 (see Chen and van der Klaauw, 2008 , for more details). Disability examiners are not medically trained but may consult with a medical consultant (a physician or psychologist) in order to assess an applicant's residual functional capacity, or ability to work given their physical and/or mental impairments. Denials are issued to applicants engaging in SGA (step 1), impairments that are obviously temporary and non-severe (step 2), and if the individual has the residual functional capacity to perform any of their past jobs (step 4) or any work in the current economy (step 5).
Denied applicants can appeal their initial determination within 60 days by applying for reconsideration by the original DDS office. 2 Applicants denied at reconsideration have an additional 60 days to file an appeal to have an administrative law judge (ALJ) review their case.
The ALJ must consider the application using the same steps in the same order as the initial In 2009, only 8% of worker beneficiaries' benefits were terminated because they no longer qualified for benefits; of those, 39% failed a medical review (Continuing Disability Review, or CDR) whereas 61% were found to earn more than SGA (Social Security Administration, 2010, Table 50 ).
Empirical Strategy
The goal of this paper is to estimate causal models of labor supply of the following form: 
which implies that examiner j's allowance propensity conditional on applicant characteristics is
where s F   denotes the cumulative distribution function for unobserved severity plus idiosyncratic examiner error, ij v , which is assumed to be i.i.d. within and across examiners.
Equations 2 and 3 show that high-j  examiners systematically overestimate severity, resulting in lower allowance thresholds and higher propensities to allow applicants conditional on applicant characteristics. This implies a natural identification strategy for estimating the labor supply effect of SSDI. In particular, we implement an instrumental variables (IV) estimation strategy where we instrument for SSDI receipt in Equation 1 using assigned examiner's propensity j P .
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In order to avoid biasing measurement of examiner propensities using the applicant's own decision, we construct the following individual-specific instrument for DI receipt:
Intuitively, EXALLOW measures the allowance rate of examiner j, to whom applicant i was assigned, for all cases except for the case of applicant i himself. Thus, conditional on observed characteristics and assuming conditional random assignment, which we discuss further below, EXALLOW should only be positively correlated with the applicant's own award decision if there exists an underlying examiner-specific threshold for allowance decisions.
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Since appeals are likely to be non-random, we adopt an intention-to-treat framework, in which assignment to disability examiner in the initial determination process is used to instrument for the ultimate award decision. Disability examiners are characterized by their caseload-level initial allowance rate, and initial determinations may differ from final determinations as a result of appeals.
Conditional Random Assignment and Monotonicity Assumptions
In order for EXALLOW to be a valid instrument for DI receipt, applicants' assignment to DDS examiner must be uncorrelated with unobserved severity conditional on observed characteristics. This amounts to an assumption of conditional random assignment to DDS examiner within a DDS. That is, at most, examiners may specialize in a particular type of impairment (e.g., mental disorders) or age group, but within this type, examiners do not further specialize in cases of either low or high severity.
This assumption is plausible. Interviews with managers of twelve of the largest DDS offices revealed that nearly all cases are automatically assigned to examiners by a computer program that assigns new applications to examiners based on availability. 5 Managers at the DDSs variously described this process as a -round robin,‖ -next in line,‖ -rotate to the back,‖ or -equal distribution‖ system. Our appendix describes the assignment based on this computer program in more detail.
An exception to the availability-based assignment process is that a small percent of cases are sent by the field offices with high-priority flags for expedited handling, and these are sometimes manually assigned to examiners that tend to specialize in high-priority cases. The most common high-priority case during our study period is an allegation of terminal illness, and these cases are almost always allowed in the initial determination. Nonetheless, we estimate that this potentially non-random assignment occurred for less than 0.5 percent of applications in our sample simply because these applicants do not survive through the end of the second year after their initial determination (i.e., long enough for us to measure post-decision labor supply outcomes). In addition, since terminal illness cases are heavily concentrated in certain observable diagnosis codes, 6 controlling for diagnosis code effectively controls for much of this non-randomness.
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A second assumption that is critical to our interpretation of our IV estimates is the assumption that examiners' award propensities affect applicants' chances of DI receipt in the same way (monotonicity). In other words, we assume that cases allowed by -strict‖ examiners (those with low j  's) would also have been allowed by -lenient‖ examiners (those with high j  's), and that cases denied by lenient examiners would also have been denied by strict examiners.
While not strictly testable without a well-designed audit study, this assumption implies that denials by strict examiners should be more likely to be overturned on appeal than denials by lenient examiners, and thus the instrument is likely to have a weaker effect on individuals assigned to strict examiners. Below we provide evidence that the strength of the first stage increases with examiner leniency. A second implication of the monotonicity assumption is that examiners who are -strict‖ on one type of case, say musculoskeletal, are also strict on any other type of case, say mental disorders. We test this implication below, and find evidence that supports the assumption of monotonicity.
Heterogeneous Treatment Effects
In the case where treatment effects are heterogeneous (i.e., replace  in Equation 1 with i  to allow it to vary across individuals) then an IV estimator using initial allowance propensities as an instrument for ultimate allowance decisions will estimate a local average treatment effect (LATE) where the causal effect of DI receipt on labor supply decisions ( i  ) is averaged over -compliers,‖ or applicants whose treatment status could be changed as a result of assignment to a particular examiner. On the other hand, our instrumental variable is not informative for -always takers‖ -those who would be allowed, whether initially or upon appeal, even if assigned to the strictest examiner -or -never takers‖ -those who would be denied even if assigned to the most lenient examiner. Thus, we estimate the average causal effect of SSDI for the marginal entrant who is just on the margin of being allowed or denied under the current system. Importantly, if the treatment effect is heterogeneous, then the population on which the estimate is based is key to understanding the extent to which the estimate generalizes to the broader SSDI population. In this paper, we use data on the universe of applicants for whom an initial medical determination is made, whereas other studies use data on specific subsets of the applicant population. For example, Chen and van der Klaauw's (2008) estimate is relevant for individuals on the eve of turning age 55 who are also on the margin of a vocational allowancethat is, individuals in the middle of the severity distribution, once obvious denials (at step 2) and obvious allowances (at step 3) have been removed from the application pool.
By contrast, French and Song (2009) estimate labor supply effects for the set of individuals denied in both the initial determination and reconsideration stages who appeal their decision to an ALJ. As a result, their sample excludes individuals assigned to relatively lenient DDS examiners, who were awarded disability benefits, as well as individuals assigned to relatively strict DDS examiners, who were denied benefits but who did not appeal the initial determination. This last group includes those whose expectation of a reversal is low (individuals with lower severity) or those who have a higher opportunity cost of remaining out of the labor force for two or more years). Practically, this suggests that their estimate should be lower than the average treatment effect for all applicants on the margin of allowance at the initial determination stage, as their sample includes individuals with higher severity and lower opportunity costs of appeal (e.g., lower potential earnings). 8 At the same time, their estimate is relevant for policies aimed at reforming the appeals process holding fixed the current DDS determination process.
Because our data set includes the entire population of program applicants, we can test for a heterogeneous treatment effect on the basis of both observable and unobservable characteristics. We test for heterogeneity on the basis of observable characteristics by estimating the IV model above separately for groups of applicants defined by impairment type, age, and pre-disability earnings quintile.
We test for heterogeneity on the basis of unobservables by noting that the continuous nature of our instrument enables us to estimate the marginal treatment effect (MTE) i  12 (Heckman, Urzua, Vytlacil, 2006 
Data and Caseload Characteristics
We make use of a unique workload management database called the Disability Table 59 ). The remaining 1.5 million applications in a year were sent to a DDS for a medical/vocational determination, and these appear in our data set. After imposing the sample restrictions discussed above and removing duplicate claims, we obtain a sample of just under 2.4 million observations for 2005 and 2006 combined. These cases were adjudicated by 7,193 DDS examiners. Table 1 presents summary statistics for the applicant data set, overall and by case disposition. We divide the sample into four groups: 1) initially allowed, 2) initially denied, but allowed on appeal, 3) initially denied, and denied on appeal, and 4) initially denied, and not observed to appeal. 13 Approximately 38% of applicants denied at the initial determination level do not appeal their decision. However, among those who appeal, the success rate is fairly high -10 Unfortunately, we cannot distinguish between full-and part-time examiners, nor can we observe examiner tenure. 11 One DDS manager indicated that trainees all have the same examiner code in the DIODS for her DDS. Although we do not believe this practice to be widespread, we eliminate the 25 examiner codes with the largest numbers of decisions in order to avoid this potential problem. 12 We observe earnings up to three years after the initial decision for the full sample, and up to four years later for 2005 applicants. 13 We identify individuals who appeal by matching initial applications to cases presented to administrative law judges. Thus, group 4 includes some individuals who appealed for reconsideration, but upon denial at that stage, declined to appeal further.
14 fully three-quarters of these denials are overturned. Fifty-nine percent of applications are for one of two types of impairments: musculoskeletal (37%) or mental disorders (22%). These percentages are virtually the same among all allowances, although musculoskeletal (mental) cases are less (more) likely to be allowed at the initial determination level.
Note that the four groups are distinctly different from one another in terms of observable characteristics. For example, ultimately denied applicants resemble those who were initially denied but allowed on appeal in terms of body system affected by the impairment (e.g., musculoskeletal, mental), but differ substantially from the initially allowed. Yet, ultimately denied applicants tend to have less severe impairments (as determined in the initial review process); that is, they were generally more likely to be denied in the earlier stages of the review process than those awarded SSDI benefits on appeal. Note that applicants who were initially denied and declined to appeal their decision were most likely to have been rejected at step 2 of the determination process. Moreover, denied applicants tend to be younger and have lower initial earnings than both initially allowed beneficiaries and those allowed on appeal.
Figures 1-3 provide a first look at the labor supply and earnings of applicants before and after their initial determination. We use two measures of labor supply: 1) labor force participation -defined as earning more than $1,000 in a given year; 14 and 2) engaging in SGA (where the SGA threshold is that defined by SSA in a given year). 15 We also present mean earnings before and after the initial decision for each group. All earnings amounts are presented in 2008 dollars, and include zeros. From Figure 1 , we see that applicants allowed on appeal are very similar to applicants allowed in the initial determination in terms of their labor force participation before the initial determination, with a labor force participation rate of approximately 90% between 3 and 5 years before the initial decision. Both groups' labor supply drops significantly one year after the initial decision, although initially denied applicants are about five percentage points more likely to work than initially allowed applicants. By two years after the decision, however, the two groups are virtually indistinguishable, with labor force participation rates around 14% between two and three years after the initial decision.
14 Because any positive earnings result in a W-2 report, we observe many individuals with very small annual earnings. We impose the $1,000 earnings threshold to restrict our definition of labor force participation to only -m eaningful‖ participation in the labor market. 15 Note that, since 2000, the SGA threshold has been indexed to average annual wages. However, prior to 2000, the threshold was set nominally and raised infrequently. The SGA threshold was $500 per month in the 1990s and rose to $700 per month in 1999.
By contrast, ultimately denied applicants have lower labor force participation to begin with -between 73% and 80% three to five years before the initial determination -and significantly higher (albeit reduced) participation rates of around 50% after the initial determination. 16 Although denied applicants who appeal (unsuccessfully) and those who decline to appeal have similar pre-decision labor force participation rates, their post-decision labor force participation differs substantially. Specifically, only about 40% of individuals who appealed unsuccessfully are working three years after their initial determination. Given average cumulative processing times from the start of the process, few of these applicants are likely to be still awaiting a decision (and hence suppressing labor supply) particularly when the outcome is measured in the third or fourth year after the initial decision. Rather, it likely reflects selection into the appeals process; that is, individuals with less severe impairments are more likely to opt out of the appeals process.
Moreover, note that the difference in prior labor force participation between ultimately allowed and denied applicants is consistent with selection on non-health factors into the applicant population. If individuals with low labor supply prior to disability onset have lower opportunity costs of applying, they will be more likely to apply for a given level of health, and as a result prior labor supply and health will be negatively correlated among applicants. The relationship between prior labor market history and ultimate disposition of the case becomes even more pronounced when examining the percent of applicants engaging in SGA (e.g., earning more than $11,760 per year in 2009) (see Figure 2 ) and average earnings (Figure 3 ).
Interestingly, Figure 3 suggests there is little difference in prior labor market history between denied applicants who choose to appeal and are unsuccessful, and those who decline to appeal.
Consistent with the earlier evidence from Bound (1989) , Figure 1 suggests that labor force participation rates among allowed applicants would be at most 35 percentage points higher in the absence of SSDI, assuming allowed applicants suffer more severe impairments (i.e., with greater losses in earning power) than denied applicants. Similarly, allowed applicants would be at most 21 percentage points more likely to engage in SGA, and would earn at most $8500 per year, if they did not receive SSDI benefits. Regression analysis would allow one to correct these estimates for differences between the two groups in observable factors such as prior earnings, but it would not be able to correct for differences in unobservable factors such as severity of the impairment, which is positively correlated with SSDI receipt. To circumvent this problem, we propose using exogenous variation in examiner-specific allowance rates to instrument for the allowance decision in a regression of labor supply (earnings) on SSDI receipt.
Initial Outcomes in the Disability Determination Process
Although consistent treatment of similarly situated individuals is an important principle in any evaluative system, some degree of variation in outcomes is inevitable. In other settings, variation in outcomes has been associated with case complexity, dynamism of the subject matter, size of caseload, resources to assist decision-making, attributes of the evaluators such as their prior experiences, and training and guidance provided to evaluators (Ramji-Nogales, Schoenholtz and Schrag, 2007; Legomsky, 2007) . Indeed, DDS examiners are called on to evaluate and weigh many aspects of complex cases against extensive medical and vocational criteria in a dynamic medical environment. They have heavy caseloads and are not trained physicians (although they may consult with physicians). These factors point to the importance of examiner judgment. SSA has sponsored a number of studies examining variation in allowance rates across DDS examiners, states and adjudicative levels. In a seminal study, Nagi (1969) commissioned an expert panel to perform external audits on a sample of SSDI applications and found that the panel agreed with the original award decision in just under 70% of cases. In a similar study, Gallicchio and Bye (1981) replicated a sample of claims decisions both within and between states, and found that within-state disagreements were in many cases as large or larger than disagreements between states.
Our research design takes advantage of this natural and systematic variation in allowance rates across individual examiners within the same state DDS office. To examine whether there is sufficient variation across examiners, we construct a measure of initial allowance rates among cases decided by a given DDS examiner between 2005 and 2006. In our sample, 90% of examiners are observed to handle more than 29 initial applications, and the median number is 215. Figure 4 presents a histogram of examiners' deviation from the overall allowance rate (within DDS office), both unadjusted and regression-adjusted for differences in case mix. Case controls include the fraction of cases in a given age group, diagnosis code or month, as well as a variable measuring average prior earnings of applicants assigned to a given examiner. As expected, adjusting for case mix reduces the standard deviation, from 0.0968 to 0.0668, and removes the thick right tail. After adjustment, one-third of examiners have allowance rates more than 7 percentage points above or below the average allowance rate for a given case type, and 5% of examiners have allowance rates more than 13 percentage points above or below the average. Figure 5 is a graphical depiction of our instrumental variables estimation strategy. We separately plot smoothed SSDI receipt and labor force participation rates by examiner's residualized (regression-adjusted) initial allowance rate (with dashed lines indicating 95% confidence interval bands) estimated via local quadratic regression. SSDI receipt is increasing in the residualized initial allowance rate, but its slope is less than one on account of the appeals process. Its slope is also increasing in the residualized initial allowance rate since individuals initially denied by strict examiners are more likely to ultimately obtain benefits on appeal than individuals initially denied by lenient examiners. This pattern is consistent with monotonicity.
While SSDI receipt rises with the examiner's allowance propensity, the labor force participation rate of applicants two years after the initial decision falls, from 28% among individuals assigned to tough examiners to 24% among individuals assigned to lenient examiners. Moreover, the rate at which labor force participation falls is related to the rate at which SSDI receipt increases; where the relationship between SSDI receipt and the initial allowance rate is relatively flat, labor force participation is also flat and only begins to decrease as DI receipt increases. covariates that are correlated with EXALLOW (our -leave oneself out‖ measure of allowance propensity) will affect the estimated coefficient on EXALLOW when included. Adding a finer measure of geography by grouping individuals by the first three digits of their zip code (Column 2) does little to change the estimated coefficient, suggesting that examiners do not tend to specialize in a given geographic area within a DDS region. Because including the roughly 900 three-digit zip code dummies increased computing time substantially, we dropped them for the remaining analysis.
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The next two columns (3-4) add body system codes and diagnosis codes, respectively.
Both of these sets of variables have an impact on the coefficient on EXALLOW, suggesting that some type of specialization according to impairment type is practiced in at least some DDS offices. This may be deliberate (e.g., an examiner tends to focus on high-priority cancer cases ) or indirect (e.g., if certain types of cases are more difficult to process on average, and as a result they are assigned to more experienced examiners). In any case, this suggests that conditioning on impairment type is critical to our identification strategy. To test the assumption that examiners' generic allowance rates can be used to instrument for allowances across all types of cases, we performed the following test. First, we computed 17 Since it is plausible that three-digit zip code could matter for labor supply outcomes (e.g., if local employment opportunities were correlated sufficiently with SSDI receipt, regardless of their impact on EXALLOW), we ran a subset of models for the labor supply outcomes with three-digit zip codes included and found that they did not affect those estimates either. 18 Impairment type is incompletely measured where there are multiple diagnoses. 19 It would also be useful to examine the effect of examiner characteristics (such as job tenure or holding Single Decision Maker authority) on examiner allowance rates, but we do not observe this information in our data. 20 Recall that in a model with one endogenous regressor and one instrument the t-statistic squared is equal to the incremental F statistic. 21 In our case, the proportion of compliers equals Pr(DI=1|EXALLOW=1)-Pr(DI=1|EXALLOW=0).
examiner allowance rates across all types of cases except cases with the same body system code.
Then we regressed SSDI receipt for cases of the same body system on this new -leave body system out‖ measure of initial allowance rate. For example, we examine whether SSDI receipt for musculoskeletal cases is predicted by examiners' propensities to allow all other types of cases (mental, cardiovascular, etc.) . Table 3 presents these estimates. While the strength of the instrument varies across impairment types, it is positive and statistically significant in all cases.
This body of evidence suggests that examiner allowance rates can be used effectively as an instrumental variable for individual allowance decisions. . In all models, we control for a rich set of covariates that include geography (DDS codes), characteristics of the impairment (diagnosis codes), age, prior labor market history, and seasonality (month of application).
Results

Effects of SSDI Receipt on Labor Supply and Earnings of the Marginal Entrant
In most cases, adjusting for differences in observable characteristics between denied and allowed applicants via OLS does little to change estimates of the labor supply effect of SSDI based on comparisons of raw means. However, adjusting for unobservable differences (e.g., in severity of the impairment(s)) has a large impact on the estimated labor supply effect. Consistent with the idea that severity is positively correlated with DI receipt and the idea that OLS estimates an upper bound on the labor supply effect, the OLS estimates are all statistically significantly and substantively larger in magnitude than the IV estimates. Table 4 shows that despite their impairments, 14% to 15% of SSDI beneficiaries participated in the labor market -earning more than $1,000 in a given year -two years after their initial determination. Among denied applicants, roughly one-half worked two years after their initial determination. Adjusting for differences in observable characteristics such as impairment type, age or prior labor market history yields an estimated effect of SSDI receipt on 20 labor force participation of approximately 31-34 percentage points (the OLS coefficient). This is almost identical to Bound's (1989) Figure 6 illustrates that the estimated coefficients display an unexpected pattern where they decline in magnitude as time since the initial determination increases. This pattern is not due to the phenomenon of denied applicants strategically depressing labor supply while waiting for a decision on appeal, since as appealed cases resolve over time and some denied appellants return to the labor market, our estimates of the labor supply effects of SSDI receipt should increase in magnitude over time rather than decrease.
A plausible explanation for these patterns is that the estimated effect of SSDI receipt on labor force participation reflects both the supply of and demand for disabled workers, and that as the financial crisis deepened and the economy worsened between 2007 and 2009, it became harder for denied applicants to find employment, even if they were willing and able to work. In the time period over which we observe labor supply, the national unemployment rate skyrocketed from roughly 5% to more than 9.5% between the beginning and end of 2008; in contrast, note that the unemployment rate fluctuated relatively steadily between 4% and 6% between 2001 and the beginning of 2008. As a result, we focus on our two-year estimates of approximately 21 percentage points as representative of the effect of SSDI receipt on labor force participation under -average‖ economic conditions. This facilitates comparison of our estimate with previous estimates in the literature that were generated under similar economic conditions.
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To more fully understand the magnitude of our estimates it is useful to translate our percentage point effect into a percent effect by dividing by the appropriate baseline labor force participation rate. Because we estimate the average effect of SSDI receipt over the population of -marginal entrants,‖ this is not straightforward. In particular, because the marginal entrant is likely to be less healthy than the average denied applicant, then the labor force participation rate of all denied applicants is likely to be an upper bound for the labor force participation of the marginal entrant in the absence of SSDI. As a result, the estimated labor supply effect as a percent of average labor force participation among denied applicants represents a lower bound on the magnitude of the effect. Similarly, comparing the point estimate to the labor supply of beneficiaries will give an upper bound on the magnitude of the effect. 22 Thus, we find that the estimated effect of SSDI receipt among marginal applicants is large -between 42% and 140% of baseline labor force participation.
As noted earlier, SSA suspends SSDI benefits for individuals earning more than the SGA threshold, which in 2009 was set at $980 per month, or $11,760 per year. However, SSA first gives beneficiaries the opportunity to -te st‖ their ability to return to work by allowing them to engage in SGA for at least twelve months (during the nine-month TWP and three-month Grace Period). Because the TWP and Grace Period are not necessarily consecutive, it is possible to observe SSDI beneficiaries engaging in SGA more than 2 years after their initial determination, and indeed Table 4 shows that 4-5% of beneficiaries earned more than the annualized SGA threshold in a given year. 23 Somewhat surprisingly, however, less than 30% of denied applicants were performing substantial gainful activity up to four years after their initial determination. IV estimates of the effect of SSDI receipt on earning more than the SGA threshold are 11-13
percentage points -again, relatively large in percent terms, between 45% and 250% for the marginal entrant.
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Finally, we examine average earnings losses associated with SSDI receipt. Table 4 . Again, the economy is seen to play an important role in determining the labor supply effects of SSDI. Our estimates suggest the marginal denied applicant is worse off than the allowed applicant in terms of total income: while the denied applicant does not receive an average benefit of roughly $12,000 annually, he only increases his earned income by $1,600-$2,600.
Treatment Effect Heterogeneity on the Basis of Observable Characteristics
One advantage of our empirical strategy, combined with administrative data, is that it allows us to estimate labor supply effects of DI receipt conditional on observable characteristics such as impairment type, age or prior earnings. Tables 5 and 6 present first stage and second stage results, respectively, for these disaggregated groups. As shown in Table 5 , although the instrumental variable is statistically significant in all cases, the strength of the first stage varies substantially across groups, particularly by impairment type. For example, the coefficient on EXALLOW for musculoskeletal cases is 0.162, compared with 0.350 for mental disorders. Angrist and Pischke (2009) show how one can use the first stage coefficient estimates in order to characterize the types of individuals most likely to be induced into treatment as a result of the instrumental variable (i.e., the marginal entrant).
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Specifically, the relative likelihood that the marginal entrant has a particular observable characteristic is given by the ratio of the first stage coefficient conditional on that characteristic relative to the overall first stage coefficient. Thus, a policy change that uniformly increased the allowance threshold at the initial determination stage would induce onto SSDI individuals who were 50% more likely than the average applicant to suffer from a mental disorder, and 30% less likely than average to suffer from a musculoskeletal impairment. This is not surprising, given 23 that 64% of allowances for mental disorders result from initial determinations, compared with 38% of allowances for musculoskeletal impairments. 26 Similarly, a policy that increases the allowance threshold at the initial determination stage would be more likely to benefit younger applicants and applicants with low prior earnings. Such compositional changes could have important implications for government spending even if the disincentive effect of disability insurance receipt on labor supply is constant across impairment types. Individuals with mental impairments incur annual medical costs that are three times higher than medical costs for individuals with relatively mild physical impairments such as back and joint problems and cardiovascular problems (Foote and Hogan, 2001) . Individuals with mental impairments also spend 50% more time on disability insurance rolls compared to individuals with musculoskeletal impairments overall; this figure increases to more than 60% for individuals who enter between ages 18-34 (Rupp and Scott, 1996) . Table 6 presents the estimated effect of disability insurance on labor force participation two years after the initial decision disaggregated across groups. In order to improve the precision of our estimates, we pooled the 2005 and 2006 samples; however, most of our estimates are still too imprecise to make many definitive conclusions. Only five of the fifteen body system codes yield IV estimates statistically distinct from OLS, and only two of these are statistically distinguishable from zero at the 95% level; not surprisingly, these are musculoskeletal and mental impairments, which make up more than half of the sample. The estimated effect for special senses and speech is -8 percentage points (significant at the 10% level), and respiratory and genitourinary impairments actually yield positive, although not statistically significant, estimates. The remaining impairments are not statistically distinguishable from OLS. There does not appear to be a pattern between the relative magnitudes of the OLS estimates vs. IV estimates for body system codes.
In contrast, dividing the sample into eight age groups produces interesting results. Note that the OLS estimate of the age profile is relatively flat until age 50 and then the magnitude of the labor supply effect declines steeply. By contrast, the IV estimate of the age profile gradually increases in magnitude until around age 45 before beginning its decline, perhaps reflecting fewer employment opportunities for inexperienced or older disabled workers. As a result, the gap between OLS and IV decreases with age, until roughly age 45. 
Marginal Treatment Effects
As noted above, because we instrument for disability insurance receipt using a continuous measure of DDS examiners' allowance propensities, we can trace out the disincentive when this occurs, the MTE is not identified. The MTE declines monotonically as the SSDI allowance rate increases exogenously; because it is negative in value, as it declines it increases in magnitude, implying the disincentive effect of SSDI rises as the allowance threshold is lowered and applicants with less severe impairments are allowed on the program. When the allowance threshold is particularly high, such that the allowance rate is ten points lower than in the present system, the marginal entrant has a high-severity impairment and SSDI causes a modest 10 percentage point reduction in labor force participation. As the allowance threshold is relaxed, the disincentive effect grows. At the mean allowance rate for the present system, SSDI causes a 29
percentage point reduction in labor force participation. When the allowance threshold is 25 particularly low, such that the allowance rate is 10 points higher than at present, the marginal entrant has an impairment of lesser (unobserved) severity, and SSDI causes a 60 percentage point reduction in labor force participation. The MTE at the allowance rate corresponding to the present system is somewhat larger than the IV estimate of the local average treatment effect (LATE) of 21 percentage points. This occurs because the IV estimate is in essence a weighted average of the MTEs and depends on the distribution of unobserved severity among applicants, which may be skewed toward higher severity cases.
Note that our interpretation of the MTE as a function of unobserved severity depends critically on two assumptions: (1) the monotonicity assumption already described, and (2) the assumption that assignment to initial examiner only effectively randomizes SSDI receipt and not some other outcome that independently affects labor supply outcomes. For example, if strict examiners tend to process claims more slowly and/or send more applicants into the appeals process, then applicants on the margin for strict examiners will tend to spend more time out of the labor market while awaiting appeal. If time out of the labor market adversely affects employment outcomes (e.g., through signaling to an employer or by depreciating human capital)
then the MTE will tend to understate the estimated effect of SSDI receipt on labor force participation for lower severity applicants (because it also encompasses the effect from longer waiting times). Figure 8 presents average initial and final processing times (in days) by predicted SSDI receipt given the initial examiner. Note that both very strict and very lenient examiners tend to process claims more slowly than the average examiner, although lenient examiners are even slower than strict examiners. However, since strict examiners tend to generate more appeals than lenient examiners, on average applicants assigned to very strict or very lenient examiners tend to have similar final processing times. In any case, the U-shaped pattern in processing times by examiner allowance propensity implies that the declining pattern in the MTE (corresponding to a disincentive effect that rises in severity) cannot solely be driven by differences in processing times.
Our finding that the MTE is declining in unobserved severity may explain why the On the other hand, the Chen-van der Klaauw estimate is based on 55 year olds drawn from the middle of the severity distribution (on the margin of vocational allowances) and happens to coincide fairly closely with our LATE estimate.
From the perspective of policy, our estimates point to markedly greater residual work capacity among beneficiaries with (unobservably) less severe impairments. As noted earlier, in the present system, the marginal applicant has a mental impairment, is young, and has low predisability earnings. A policy with the effect of relaxing access to SSDI benefits in the initial determination phase would draw individuals from this margin, and as the margin moved down the severity distribution, the disincentive effect of SSDI would rise-slowly at first, but increasingly faster.
Conclusion
This paper presents causal estimates of the disincentive effect of the SSDI program on the labor supply of program entrants. Ours are the first set of estimates of the disincentive effect estimated using the entire population of SSDI applicants in the present day system. In addition, our quasi-experimental research design applied to a new administrative data set facilitates examination of the important heretofore unanswered policy questions of whether the program disincentive effect varies across individuals, to what extent, and in what ways. In particular, we can assess the extent to which the disincentive effect varies with unobservable impairment severity. This is of particular interest since over the last two decades, the SSDI caseload has become increasingly dominated by individuals with impairments that are particularly difficult to assess, such as mental and musculoskeletal impairments.
We find that labor force participation of the marginal entrant would be on average 21
percentage points greater in the absence of SSDI benefit receipt under -average‖ economic conditions. His or her likelihood of engaging in substantial gainful activity as defined by the SSDI program would be on average 13 percentage points higher, and he or she would earn 27 Although not directly comparable to our estimates, French and Taber (2010) cite estimates of a declining MTE of SSDI receipt on earnings, ranging from -$1,500 to -$3,500, based on the data of French and Song (2009) .
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$1,600 to $2,600 more per year on average in the absence of SSDI benefit receipt. We estimate that in the present system, nearly one-quarter of applicants are -marginal‖ cases whose ultimate outcome depends on examiner assignment. The marginal SSDI entrant is more likely to have a mental disorder, be younger, and have pre-onset earnings in the lowest earnings quintile. Such individuals tend to have higher expected medical costs and greater expected program duration.
Importantly, we also find that the SSDI labor supply disincentive effect is not constant across individuals. Over a range corresponding to 10 percentage points above and below the current system allowance rate, the marginal treatment effect varies from a modest 10 percentage point reduction in labor force participation for individuals with impairments characterized by high unobservable severity, to a 60 percentage point reduction in labor force participation for those with lower unobservable severity. Our estimates point to markedly greater residual work capacity among beneficiaries with (unobservably) less severe impairments, and imply that a policy with the effect (intended or unintended) of relaxing access to SSDI benefits (regardless of impairment type) in the initial determination phase would lead to an increase in the program's labor supply disincentive effect. Notes: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.10. ALLOW denotes ultimate award decision (rather than initial decision). Control variables include: DDS dummies, diagnosis codes, age group dummies, avg. previous earnings, and month dummies. 
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